. Comparison between two sets of optical reflectance spectra: one calculated using our theoretical model and the other based on numerical simulations-for small nanoparticles (NPs) with radius 25 . 6  R nm.
Considering hexagonal array of such gold nanospheres, the closeness of the theoretical model in predicting the simulated spectrum is depicted-at different lattice spacing and at different gaps of the NP layer from the substrate.
Reflectance spectra are calculated for different lattice constant a (implying different inter-NP spacing) and for different distance (or gap) of the NP monolayer (layer 2) from the substrate (layer 4). In all cases we consider normal incidence of light i.e., Notice that even for such small NPs, intense plasmonic coupling among the NPs (at inter-NP spacing as small as 1 nm) leads to hybridized multipolar modes, which our dipolar quasi-static model fails to predict accurately [see (a) and (b)]. However, with increasing inter-NP spacing, the plasmonic coupling among the NPs gets weaker and the multipolar modes tend to cease to exist. In which case our dipolar model gets much closer towards matching the simulation results. Noticeably, at inter-NP spacing of 3 nm [see (e) and (f)] and beyond, the peak position and overall reflectance across the spectral range are found to be accurately calculated by the theoretical model. Considering such inter-NP spacing is of more practical significance as, in practice, each NP is usually capped with ligands (each having typical length of around 2 nm). This implies inter-NP spacing to be a minimum of around 4 nm, even for a high-density NP array. In this regime (or even for any larger inter-NP spacing) our theoretical model is found to be very accurate in estimating the optical response of such NP systems. , where inter-NP spacing is of 12.5 nm. Here the plasmonic coupling mode is predominantly dipolar as can be correctly estimated by our dipolar quasi-static model. For similar or larger inter-NP spacing we could see that our model is pretty accurate. We further investigate the validity range of our model for much shorter inter-NP spacing, i.e., for very-dense NP arrays [see Figure S3 ]. Notice that at inter-NP spacing as small as 1 nm (where inter-NP plasmonic coupling is very intense giving rise to hybridized multipolar modes) our dipolar quasi-static theory model fails to correctly predict dominant dipolar peak and the emergence of a high energy peak at around 550 nm, as seen in the simulation [see (a) and (b)]. With increasing inter-NP spacing [from 1 nm (a, b) to 5 nm (i, j)], plasmonic coupling among the NPs gets weaker, making multipolar modes and their contributions to disappear. This can be seen in form of the diminishing trend of the high energy peak and spectral overlap of the dominant peak position. This makes each theoretical spectrum to get closer to its corresponding one from simulation. As observed, from inter-NP spacing of 4 nm (g, h) the theoretical and simulated spectra comply very well to each other. This is of much practical significance, as the length of the ligands (capping the NPs) are typically around 2 nm. This ensures that even in a very dense array, two NPs could not usually get closer than 4 nm. The larger the lattice constant, the better is the match between theory and simulation. Although, a few minor discrepancies do exist even at such inter-NP spacing. These are mainly due to the fact that our theory does not include contributions from higher order modes, which could exist on individual NPs. Though not very significant, these high energy modes contribute to the optical responses to some extent, especially, through absorbance. Such minor differences lie mostly around the shorter wavelengths where the high energy modes of the NPs exist. Similar comparison between theory and simulation is also carried out for low density NP arrays [see Figure S4 ]. Here the inter-NP spacing is equal to the radius of each NP, implying inter-particle plasmonic coupling to be moderate. Such scenarios are accurately described by our quasi-static dipolar theory. However, at very low density arrays of NPs (as in the case of R a 7  and R a 10  ) there are a few minor discrepancies, which could be owing to the fact that our uniform thin metallic film approximation to replace the NP array may not be very accurate in such cases. Yet, the results give a decent prediction of the optical reflectance properties of those loosely packed NP arrays. Notice that at inter-NP spacing as small as 2 nm (where there is intense inter-NP plasmonic coupling giving rise to hybridized multipolar modes) our dipolar quasi-static theory model fails to predict the spectral characteristics, especially the high energy peak at around 550 nm, as seen in the simulation [see (a) and (b)]. With increasing inter-NP spacing, plasmonic coupling among the NPs gets weaker. This weakens the high energy peak, which then exhibits a diminishing trend, making the corresponding theoretical spectrum getting closer to those from simulation. The larger the lattice constant, the better is the match between theory and simulation. Here again, at inter-NP spacing of 4 nm and beyond, the long wavelength dipolar features get very accurately predicted by our quasi-static dipolar model. However, a minor discrepancies remain even at large lattice constants, which are due to the fact that each of these large individual NPs also possesses some higher order modes. The contributions of such modes are mainly through optical absorbance and not very significant. Hence, our theory can predict the optical responses of large NPs reasonably well in the regime discussed above.  tends to red-shift, which signifies lowering of plasmonic coupling energy due to weakening of electric field component along the direction parallel to the NP layer with increase in incident angle. This effect is more prominent for smaller NPs and at large inter-particle spacing, as can be seen in figure 8(e) when compared to figure 8(f).
